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Abstract. Background/Aim: The aim of the study was to
compare the outcomes of anatomical resection (AR) versus
non-anatomical resection (NAR) for Japanese and Taiwanese
patients with single, resectable hepatocellular carcinoma
(HCC). Patients and Methods: A propensity score matched
(PSM) analysis was performed to compare the outcomes of
the AR group to those of the NAR group. Tumor size <5 cm,
T1 or T2 grade, without evidence of extrahepatic metastasis,
invasion of portal or hepatic veins, or direct invasion of
adjacent organs, were included in the study. Results: A total
of 385 cases (Taiwanese 105, Japanese 280) were analyzed.
After PSM, a total of 152 cases remain (Taiwan and Japan
both 76 cases). Disease-free survival (DFS) and overall
survival (OS) data were not significantly different between
the two groups at 5 years follow-up. Conclusion: AR of HCC
in Japanese patients has a similar 5-year DFS and OS as
NAR of HCC in Taiwanese patients.
Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer-related death worldwide. Although more prevalent
in Asia, incidence has been increasing in the western
countries (1, 2). First-line treatment for HCC includes both
liver resection and radio frequency ablation, although the
former may have prognostic advantages over the latter, as
shown in several recent studies, especially in those with
solitary and small tumors (3). In recent years, prognosis of
HCC has improved due to better surgical techniques, pre- and
peri-operative management, and aggressive multimodal
treatment strategies after tumor recurrence (4, 5). However,
recurrence remains high after curative hepatectomy, and is
believed to be the main cause of early death. Tumor
recurrence usually occurs by dissemination of tumor cells in
the portal vein or metachronous multi-centric
hepatocarcinogenesis, and are considered the most important
factors associated with poor prognosis (6-8). Regarding
resection techniques, anatomic resection (AR) was first
proposed in the 1980s, first with dye-staining technique (9),
and later with the Glissonean pedical transection method (10).
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Both include pre-ischemic control of the portal pedicles,
followed by systemic removal of one or more hepatic
segments supplied by the tumor bearing portal tributaries.
Proponents of AR theorizes that better outcomes can be
achieved by this technique because it offers more effective
removal of the intrahepatic metastases of HCC. Non-
anatomic resection (NAR), on the other hand, leaves a greater
portion of the parenchyma while focusing on achieving at
least 1 cm tumor-free margin after surgery, preventing
potential postoperative liver failure in patients with cirrhosis. 
Studies comparing both techniques have shown mixed
results, as some have demonstrated superiority of AR
compared to NAR (11-14), while others have shown that NAR
achieved similar long-term outcomes in terms of recurrence-
free survival (RFS), and overall survival (OS) (15-18).
However, most studies were non-randomized and retrospective
in nature. The decision to undergo AR or NAR is often also
dependent on the patient’s liver reserve, and patients with better
liver reserves are better candidates for AR, creating a potential
selection, which may in turn lead to improved outcomes. 
This can be avoided using propensity score-matched
analysis. Three propensity-score matched analysis (19-21),
however, did not show benefit in RFS and OS of AR
compared to NAR. A recent randomized, controlled trial
(RCT) was conducted in China (22), and showed an
improved local recurrence (LR) rate at 2 year, but no
difference for RFS or OS. 
In the current study, we attempt to elucidate this issue by
comparing data from two Institutions, one in Taiwan, and
one in Japan, using propensity-score matched analysis, and
evaluate the RFS and OS of patient with HCC undergoing
resection.
Patients and Methods
Patients. Patients from two Institutions, one in Taiwan, Show Chwan
Memorial Hospital (SCMH), and one in Japan, Tokyo Women’s
Memorial Hospital (TWMH), were retrospectively collected and
analyzed. Between January 2007 and December 2014 in Japan, March
2012 and May 2018 in Taiwan, patients without evidence of
extrahepatic metastasis, tumor invasion of portal or hepatic veins, or
direct invasion of adjacent organs, with tumor size of <5 cm, were
included in the study. Only patients for whom surgery was the first
treatment modality were included. That is, patients who received
portal vein embolization (PVE), trans-arterial chemoembolization
(TACE), or radiofrequency ablation (RFA) were excluded. Surgical
procedures were classified according to the Brisbane 2000
nomenclature of liver resection (23). AR is defined by complete
removal of the ≥1 Couinaud segment containing the tumor, after
ischemic margin was confirmed by ligation of arterial and portal vein
branch. NAR is defined as resection of the tumor with a margin of
≥1 cm, whenever possible, without regarding the segmental anatomy
of the liver. The technique chosen in both countries was determined
by its respective surgeons, according to tumor size, location, and
hepatic functional reserve. After initial selection, of the cases with T1
or T2 grade HCC, choosing only NAR from Taiwan and only AR
from Japan. This study was approved by the institutional review
board of Show Chwan Memorial Hospital, Taiwan and Tokyo
Women’s Medical University Hospital in Japan.
Pathological and histological examination. Pathological and
histological examination were performed for the resected specimens,
and the maximal diameter of the tumor determined the tumor size.
Tumor differentiation and microscopic vascular invasion was
determined. 
Statistical analysis. Patient characteristics between two hospitals
were analyzed by the Chi-square test, independent t-test, where
appropriate. Data of the two hospitals were matched on age, sex,
HBV, HCV, Child Pugh, and AFP using propensity score matching
(PSM). The differences of disease free survival (DFS) and OS
between the two hospitals were evaluated by Kaplan-Meier method
with log-rank test. A p-value of <0.05 was considered statistically
significant. IBM SPSS Statistics for Windows, version 24.0 (IBM
Corp., Armonk, NY, USA) was used for the statistical analyses.
Results
After initial selection, of the total cases with T1 or T2 grade
HCC, choosing only NAR from Taiwan and only AR from
Japan, there were a total of 385 cases (Taiwanese 105 and
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Table I. Basic information of patients before propensity score matching.
Japan (N=280) Taiwan (N=105) p-Value
Gender 0.762
Male 220 (78.6%) 81 (77.1%)
Female 60 (21.4%) 24 (22.9%)
Age (M±SD) 68.0±9.5 58.4±9.7 <0.001
HBV <0.001
Positive 66 (23.6%) 61 (58.1%)
Negative 214 (76.4%) 44 (41.9%)
HCV 0.050
Positive 113 (40.4%) 31 (29.5%)
Negative 167 (59.6%) 74 (70.5%)
Child Pugh 0.015
A 240 (85.7%) 95 (90.5%)
B 8 (2.9%) 4 (3.8%)
C 0 (0.0%) 2 (1.9%)
N/A 32 (11.4%) 4 (3.8%)
HCC size (M±SD) 4.5±3.0 3.1±1.5 <0.001
HCC number 0.826
Single 232 (82.9%) 86 (81.9%)
Multiple 48 (17.1%) 19 (18.1%)
AFP (M±SD) 2480.1±15369.6 105.6±305.3 0.011
ICG (M±SD) 13.7±8.9 15.0±11.6 0.453
Vessel invasion 0.011
Positive 54 (13.9%) 33 (31.4%)
Negative 226 (80.7%) 72 (68.6%)
Type of surgery <0.001
Laparoscopic 13 (4.6%) 28 (26.7%)
Open 267 (95.4%) 77 (73.3%)
Japanese 280). Table I summarizes the peri-operative
characteristics of both groups before PSM. There were
significant differences in age, HBV and HCV status, Child
Pugh scores, HCC size, and type of surgery performed
(laparoscopy or open resection). No difference was noted in
sex, HCC numbers, AFP, and ICG. After PSM using sex,
age, HBV and HCV status, Child Pugh scores, HCC size,
AFP levels, a total of 152 cases remain (Taiwan 76 cases,
Japan 76 cases). Table II shows the results of PSM: no
difference in peri-operative characteristics of the two groups,
except the type of surgery (laparoscopic or open surgery). 
The Kaplan-Meier analysis of the long-term outcomes
showed that there is no significant difference in the two
groups with regard to DFS, as well as OS (Figure 1).
Discussion
The choice of surgical technique to remove HCC has been
an area of constant debate. Many factors may influence a
surgeon’s choice, including tumor location, tumor size,
baseline liver functional reserve, and anatomical variations
of portal pedicles. Postoperative liver failure is one of the
most feared complications, thus the goal is to remove HCC
with adequate margin while preserving maximal liver
parenchyma. Compared to AR, NAR can spare more liver
parenchyma after hepatectomy; therefore, it is often a
preferred procedure for many surgeons. But what defines an
adequate surgical margin? In one prospective, randomized
trial, Shi et al. (24) compared patients with macroscopically
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Figure 1. Kaplan-Meier curves of DFS (A) and OS (B) of the HCC
patients with NAR from Taiwan and those with AR from Japan.
Table II. Basic information of patients after propensity score matching.
Japan (N=76) Taiwan (N=76) p-Value
Gender 0.571
Male 56 (73.7%) 59 (77.6%)
Female 20 (26.3%) 17 (22.4%)
Age (M±SD) 64.8±8.7 62.3±9.0 0.082
HBV 0.415
Positive 32 (42.1%) 37 (48.7%)
Negative 44 (57.9%) 39 (51.3%)
HCV 0.322
Positive 34 (44.7%) 28 (36.8%)
Negative 42 (55.3%) 48 (63.2%)
Child Pugh 0.191
A 69 (90.8%) 73 (96.1%)
B 7 (9.2%) 3 (3.9%)
HCC size (M±SD) 3.1±1.0 3.1±1.5 0.716
HCC number 0.426
Single 58 (76.3%) 62 (81.6%)
Multiple 18 (23.7%) 14 (18.4%)
AFP (M±SD) 187.5±507.1 103.9±203.8 0.186
ICG (M±SD) 14.4±8.8 14.1±10.5 0.916
Vessel invasion 0.276
Positive 18 (23.7%) 24 (31.6%)
Negative 58 (76.3%) 52 (68.4%)
Type of surgery <0.001
Laparoscopic 2 (2.6%) 18 (23.7%)
Open 74 (97.4%) 58 (76.3%)
solitary HCC of ≤2 cm, and concluded that a resection
margin of 2 cm had lower postoperative recurrence rate and
improved survival outcomes. However, in most other studies,
a wider margin was not protective against tumor recurrence.
Poon et al. (25) retrospectively compared 150 patients with
narrow margin (≤1 cm) to 138 patients with wide margin (≥1
cm), and found similar recurrence rates. It was concluded
that venous invasion or micro satellites was related to higher
incidence of postoperative recurrence, which a wide
resection margin could not prevent. In a recent systematic
review by Tang et al. (26), which included four non-
randomized trials and the aforementioned randomized trial,
it was also concluded that a resection margin ≥1 cm does not
provide significant prognostic benefit compared to a
resection margin of <1 cm. 
In the present study, whilst comparing outcomes after
hepatectomy from patients of two Institutions in two
different countries, Japan and Taiwan, we showed the AR
and NAR achieved similar outcomes in terms of RFS and
OS. However, since we did not record recurrence patterns,
no comparison was performed for local recurrence (LR) rates
of the two groups. 
Several retrospective studies have shown superiority of the
AR method (11-14, 27-31). However, many of these studies
were case series, and had significant bias in patient selection.
Those in the AR group usually had better baseline liver
functional reserve, which may skew the recurrence and
survival data. Some studies attempted to reduce patient
selection bias by performing propensity-match analysis. In
the nationwide survey in Japan, consisting of 5,781 patients
with solitary HCC, AR resulted in better DFS and OS than
NAR. However, after patients were stratified according to
tumor size (<2 cm, 2-5 cm, or >5 cm), only patients with
tumor size of 2-5 cm and those who underwent AR
demonstrated improved DFS and OS (14). Another large,
retrospective study compared 710 patients with primary,
solitary HCC of <5.0 cm in diameter by either AR or NAR
in Japan and Korea. In that study, AR decreased the risk of
tumor recurrence and improved OS after using propensity
score matched analysis (31). Multiple intrahepatic
recurrences also occurred significantly less frequently in the
AR group as well as recurrence within 2 years after
hepatectomy. Using univariate analysis, several oncologic
characteristics were also analyzed, and noted that larger
tumor (≥2.9 cm), poorly differentiated tumor, and tumors
with microscopic vascular invasion were associated with
improved survival after AR.
Several studies suggested that AR confers no added benefit
compared to NAR. Tomimamu et al. (18) showed that in
patients with small HCC (≤3.0 cm) and well-functioning
livers, NAR or AR resulted in similar recurrence and survival
rates. Marubashi et al. (21) showed similar results in a larger
patient cohort, which included patients with solitary or
multiple tumors with no macroscopic vascular invasion. Both
studies were single-center, propensity score matched analysis.
However, microvascular invasion rates were different among
the two resection techniques, and can be a confounding factor
that influence the outcomes. 
Other factors important to patient survival, including tumor
pathology, pre-operative assessment of liver functions,
classifications of liver staging, standardization of surgical
techniques, including the use of hanging maneuvers and
laparoscopy, intra- and preoperative complications, blood
loss, intra-operative transfusions, are not equally discussed or
recorded in the above-mentioned studies. These are potential
confounders that can lead to significant heterogeneity among
studies, rendering the general applicability difficult. Other
factors include patient characteristics, which in both countries
are very different before PSM. Although PSM may be able to
offset these differences, there may still be other hidden factors
that will influence the analysis results. 
Another issue is related to anatomical variations in the
liver. In Couinaud segments 7 and 8, 33-70% are supplied
by ≥2 tertiary branches arising from the same or different
secondary branches (32, 33). For these tumors, proper AR
requires identification of all feeding branches. This step is
technically challenging, since a larger volume of parenchyma
of the non-involved segment needs to be dissected to
determine the involved Glissonean pedicle. The difficulty
may render heterogeneity in surgical techniques among
different surgeons. 
Feng et al. (22) conducted the only double-blind,
prospective, randomized trial to date. 53 patients (AR
group), and 52 patients (NAR group) with median tumor size
of 5.0 cm were randomized and underwent AR and NAR.
More patients achieved surgical margin of ≥20 mm in the
AR group (52% vs. 30%, p=0.023). Incidence of local
recurrence (LR) at 2 years was 30% and 59% in the AR and
NAR groups, respectively. Median time to first LR was
longer in the AR group, compared to NAR (53 vs. 10
months, p=0.01). However, no difference was observed in
RFS and OS. 
Laparoscopic versus open resection is one factor that
differed significantly between the two cohorts in this study.
In the Taiwan Institute, higher percentage of patients
received laparoscopic surgery, while in the Japanese institute,
open surgery is preferred. This may be due to institutional
preference and available expertise. The choice of technique
may also be influenced by patient characteristics, such that
NAR is more suitable for patients with HBV, small size and
low AFP. In terms of outcomes, studies comparing the two
approaches have shown that, compared to open surgery,
laparoscopic hepatectomy can achieve similar short-term
oncologic outcomes (34-36), while achieving better post-
operative recovery. In a propensity-matched analysis,
Cheung et al. (37) concluded that the laparoscopic group had
in vivo 34: 2607-2612 (2020)
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less blood loss, shorter operation time, and shorter hospital
stay. With a follow-up of more than 5 years, it was even
concluded that the laparoscopic approach offers favorable
OS and DFS compared to open hepatectomy. Although the
survival benefit of laparoscopic surgery is controversial, the
reduced morbidity of open hepatectomy warrant wider
applications in Japanese institutions. One hypothesis could
be that the benefit of AR in the Japanese cohort is offset by
the lack of laparoscopy. Perhaps under a more aggressive
approach, by performing laparoscopic surgery in the
Japanese group could achieve better survival outcomes.
Similarly, in the Taiwanese cohort, by performing more AR,
while maintaining the same rate of laparoscopic surgery,
better outcomes could also be achieved. 
In conclusion, in the current study, we demonstrated that,
for patients with T1 or T2 HCC, AR and NAR achieved
similar RFS and OS, in the hands of surgeons in two
different countries. Further randomized controlled studies are
needed to evaluate the benefit of these techniques in patients
with HCC in different stages and liver function reserve.
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